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A B S T R A C T
Purpose: To examine trends in reporting injury as a cause of death among people with epilepsy in the U.S.
during the past three decades.
Method: We analyzed the U.S. multiple causes of death data from death certiﬁcates in 1981–2010 to
compare rate and odds ratios (OR) of reporting injury as cause of death among cases with vs. without
mention of epilepsy across years.
Results: The trends in reporting epilepsy with and without injury were similar in most age groups but
were inconsistent in most external causes of injury. The OR of reporting injury was 1.02 (95% conﬁdence
intervals (CI) 0.97–1.07) in 1981–1985 and decreased to 0.52 (95% CI 0.48–0.55) in 2006–2010. The
decline in OR was prominent among people aged 15–24 followed by people aged 25–44. For the ﬁve
external causes of injury, the OR of suffocation and drowning were 6.32 (95% CI 5.91–6.75) and 5.64 (95%
CI 5.16–6.16) in 1981–1985 and decreased to 3.03 (95% CI 2.74–3.35) and 2.56 (95% CI 2.18–3.00) in
2006–2010. The OR for poisoning and trafﬁc crashes were 0.70 (95% CI 0.57–0.85) and 0.08 (95% CI 0.07–
0.09) in 1981–1985 and 0.21 (95% CI 0.18–0.25) and 0.06 (95% CI 0.05–0.08) in 2006–2010.
Conclusion: The risk of fatal injury among people with epilepsy decreased drastically during the past
three decades in most age groups and for most external causes of injury except falls. People with epilepsy
had lower risks of dying from injury due to poisoning or trafﬁc crashes, had higher risks of dying from
suffocation and drowning.
 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Injuries are slightly more frequent among people with epilepsy
than among the general population.1–6 According to the review of
Tomson et al.1 people with symptomatic epilepsy and frequent
seizures have increased risk of injury. Most injuries among people
with epilepsy are trivial and commonly include contusions,
wounds, fractures, abrasions, and brain concussions.1 However,
Beghi suggested that people with epilepsy have fairly low risk of
injury compared to the general population, and that seizure
frequency and type are the only factors associated with this risk.2* Corresponding author at: Department of Neurology, Chi Mei Medical Center,
Tainan, Taiwan. Tel.: +886 6 2812811 ext 52265; fax: +886 6 2812811 ext 52274.
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1059-1311/ 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reSpeciﬁcally, uncontrolled seizures may present a serious threat
in terms of injuries and their complications.
In regard to fatal injury, the standardized mortality ratio is 2–3
times higher for people with epilepsy compared to the general
population, according to population-based studies. This increased
mortality is largely related to the etiology of the epilepsy and is
likely unrelated to the treatment of the epilepsy.1 Cohort studies
have indicated that 1–16% of deaths in people with epilepsy may
be due to injury, and the most frequently occurring external causes
of injury are drowning and falls.7–15 However, these previous
studies were limited by the small number of deaths included in the
study, which inhibited evaluation of the mortality risk by age and
external cause of injury.
A further limitation is that cause-speciﬁc mortality is tabulated
by underlying cause of death, which is deﬁned by the World Health
Organization as the disease or injury which initiated the train ofserved.
Table 1
Example of calculation of odds ratio (OR) and 95% conﬁdence intervals (95% CI) in
reporting injury as a cause of death among with mention of epilepsy vs. without
mention of epilepsy on death certiﬁcates in the U.S., 1981–1985.
Reporting epilepsy Reporting injury OR 95% CI
Yes No
Yes 2382 14,508 1.02 0.97–1.07
No 732,268 9,360,671 1.00
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death certiﬁcate with these causes of death:
(a) Head injury
(b) Fall from ladder
(c) Epileptic seizure
In this case, epilepsy would be selected as the underlying cause
of death for mortality tabulation. Information on the fall and head
injury as additional underlying causes of death would not be
available in traditional mortality data. Use of ‘‘multiple causes of
death’’ mortality data resolves this issue by allowing analysis of all
information reported on death certiﬁcates.17–19 ‘‘Multiple causes
of death’’ mortality data have been used previously to analyze
epilepsy-related fatal injury.20–22 However, no study has system-
atically examined changes in risk of fatal injury among people with
epilepsy during the past three decades. Thus we examined reports
of injury as cause of death among people with epilepsy using
‘‘multiple causes of death’’ mortality data for the U.S. from 1981 to
2010. We further examined these trends by age and external
causes of injury. As recent advances have improved the quality of
care for people with epilepsy, and many guidelines have been
recommended to reduce the risk of death from injury,1,3,5 we
hypothesized that risk of dying from injury for people with
epilepsy has declined over the past three decades.
2. Methods
2.1. Data source
We used ‘‘multiple causes of death’’ mortality data of the U.S.
for the years 1981 through 2010. The datasets were compiled by
the U.S. National Center for Health Statistics; they include all
diagnoses (up to a maximum of twenty) reported on death
certiﬁcates and are publicly available for research.23
2.2. Classiﬁcation of injury deaths
Injury is deﬁned as ‘‘the physical damage that results when a
human body is suddenly subjected to energy in amounts that
exceed the threshold of physical tolerance–or else the result of a
lack of one or more vital elements, such as oxygen’’.24 Injury deaths
are usually classiﬁed according to the International Classiﬁcation of
Disease (ICD) scheme, which includes the external cause of injury
(e.g., trafﬁc crashes, falls, poisoning, or drowning), the intent of the
injury (e.g., unintentional, homicide/assault, suicide/self-harm, or
undetermined), the body region that was injured (e.g., head or
lower extremity), the nature of injury (e.g., fracture, laceration, or
contusion), places of injury, and the engaged activity at the time of
injury.25 In this study we conﬁned our analysis to the external
cause of injury, which is most relevant to injury prevention.
ICD-9 was used for the years 1980–1998 and ICD-10 was used
for the years 1999–2010 for mortality tabulation in the U.S. The
ICD-9 and ICD-10 codes were 345 and G40&G41 for epilepsy;
E800-E928 and V01-X59 for any injury; E800-E848 and V01-V99
for trafﬁc crashes; E850-E869 and X40-X49 for poisoning; E880-
E888 and W00-W19 for falls; E910 and W65-W74 for drowning;
and E911-E913 and W75-W84 for suffocation.
2.3. Statistical analysis
To interpret the trends of reporting both injury and epilepsy on
death certiﬁcates over time, we calculated trends of reporting
injury without mention of epilepsy and reporting epilepsy without
mention of injury as references. By comparing rates of reportinginjury without mention of epilepsy to rate of reporting injury with
mention of epilepsy, we can infer the inﬂuence of epilepsy on the
risks of fatal injury among people with epilepsy.
As the number of deaths reporting both epilepsy and injury was
small, we used one million population as the denominator for
calculating mortality rate. For calculating mortality rates of
epilepsy without injury and injury without epilepsy, we used
ten thousand population as the denominator. The age demo-
graphics of the U.S. population in the year 2000 was used as the
standard population to calculate the age-adjusted mortality rate.
Because absolute rates might change simultaneously and thus
make comparison through time difﬁcult, we also examined relative
rates. For relative rates, we computed odds ratios (OR) and 95%
conﬁdence intervals (95% CI) of reporting injury as cause of death
among cases with mention of epilepsy vs. those without mention of
epilepsy. Table 1 illustrates the calculation of OR and 95% CI of
reporting injury as a cause of death. For each external cause of injury,
we used a logistic regression model to estimate age-adjusted OR.
3. Results
In 1981–1985 there were 14,509 mentions of epilepsy on death
certiﬁcates, of which 2382 (16.4%) reported injury as a cause of
death. This reduced to 7.7% (1050/13,579) by 2006–2010. This
declining trend was similar in most age groups except people aged
15–24 years old (Fig. 1). The decline in rate of reporting epilepsy
with injury was steepest from 1981–1985 to 1996–2000. The rate
of reporting epilepsy without injury on death certiﬁcates among
people aged 15–24 years old increased from 0.32 (per 100,000
population) in 2001–2005 to 0.40 in 2006–2010. However the rate
of reporting epilepsy with injury among people aged 15–24 years
old showed a rapidly decreasing trend that leveled off from 2001–
2005 to 2006–2010.
Trends in age-adjusted rates of reporting injury without
epilepsy and injury with epilepsy on death certiﬁcates varied
among external causes of injury (Fig. 2). The trend was increasing
for suffocation and poisoning without mention of epilepsy, but was
decreasing for suffocation and poisoning with mention of epilepsy.
Similarly, the trend was mildly decreasing for drowning and trafﬁc
crashes without mention of epilepsy, but was substantially
declining for drowning and trafﬁc crashes with mention of epilepsy.
With regard to relative rates, the OR of reporting injury as a
cause of death among cases with mention of epilepsy vs. without
mention of epilepsy was 1.02 (95% CI 0.97–1.07) in 1981–85 and
decreased to 0.52 (95% CI 0.48–0.55) in 2006–10 (Fig. 3). The
decline in OR was most prominent among people aged 15–24 years
old, from 0.42 (95% CI 0.37–0.47) in 1981–1985 to 0.13 (95% CI
0.11–0.17); followed by people aged 25–44 years old, from 0.90
(95% CI 0.83–0.97) in 1981–1985 to 0.31 (95% CI 0.28–0.35).
However, no signiﬁcant decrease in OR was noted among people
aged 65 years old and above, which was 1.50 (95% CI 1.36–1.66) in
1981–1985 and 1.32 (95% CI 1.17–1.50) in 2006–2010.
For the ﬁve external causes of injury analyzed, the OR of
suffocation and drowning decreased through time, respectively
6.32 (95% CI 5.91–6.75) and 5.64 (95% CI 5.16–6.16) in 1981–1985,
Fig. 1. Trends in rate of reporting epilepsy with and without injury on death certiﬁcates by age in the U.S., 1981–2010.
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3.00) in 2006–2010 (Fig. 4). On the contrary, the OR was relatively
low for poisoning and trafﬁc crashes, which were 0.70 (95% CI
0.57–0.85) and 0.08 (95% CI 0.07–0.09) in 1981–1985 and 0.21
(95% CI 0.18–0.25) and 0.06 (95% CI 0.05–0.08) in 2006–2010,
respectively.
4. Discussion
4.1. Main ﬁndings
The ﬁndings of this nationwide population-based death
certiﬁcate study suggest that the risk of fatal injury amongpeople with epilepsy decreased drastically during the past three
decades in most age groups (except the elderly) and for most
external causes of injury (except falls). Contrary to previous
cohort studies indicating higher standardized mortality ratios
among people with epilepsy, the ﬁndings of this study
demonstrate that people with epilepsy had lower risk of dying
from overall fatal injury, especially caused by poisoning and
trafﬁc crashes, yet had higher risks of dying from suffocation
and drowning. Possible explanations for this decreased risk
include improvements in the treatment of epilepsy, better
consultation in preventing injury in people with epilepsy, and
more concerns of environmental safety for people with
epilepsy.1,3,5
Fig. 2. Trends in age-adjusted rate of reporting external cause of injury with and without epilepsy on death certiﬁcates in the U.S., 1981–2010.
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Strengths of this study include the use of ‘‘multiple causes of
death’’ mortality data, which provides more detailed information
such as multiple contributing causes of death, which are not
available in traditional mortality data. Additionally, this study
analyzed a larger sample size compared to previous hospital-based
or cohort studies. The larger number of deaths allowed us tofurther stratify the risk by various external causes of injury over
time. Collection of death information across states and over time
was also highly standardized. Furthermore, this study used relative
mortality rates (i.e., OR) to examine the changes in risk of fatal
injury among people with epilepsy over time.
One potential limitation of this study is the possibility of
epilepsy underreporting on death certiﬁcates, which may cause
‘‘differential misclassiﬁcation’’ and affect OR estimations. If the
Fig. 3. Odds ratios and 95% conﬁdence intervals in reporting injury as a cause of death with mention of epilepsy vs. those without mention of epilepsy on death certiﬁcates by
age in the U.S., 1981–1985 to 2006–2010.
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death certiﬁcate, then underreporting developed. Moreover, if
there are uneven rates of underreporting epilepsy on death
certiﬁcates between examiners/coroners and physicians, this
could cause a ‘‘differential misclassiﬁcation’’ between non-injury
deaths and injury-related deaths. Another limitation is that
detailed information on the speciﬁcs of epilepsy (such as the type
of epilepsy and the relationship between injury and epileptic
seizure), the injury (such as time and the place of occurrence) and
the certiﬁer (whether a medical examiner/coroner or a medical
physician) were not available in the ‘‘multiple causes of death’’
mortality data.4.3. Lower risk of dying from poisoning and trafﬁc crashes
In contrast to the increasing mortality trends for poisoning in
the U.S., which was mainly due to drastic increase of opioid
analgesics overdose,26 the rates of reporting poisoning as a cause of
death among people with epilepsy were relatively low and did not
change during the past few decades. One possible reason is that
epileptic patients may have greater awareness in taking medica-
tions as they have to regularly take anti-epileptic medications.
They thus may be less likely to sustain unintentional poisoning.
With regard to the low risk of death from trafﬁc crashes, one
study using ‘‘multiple causes of death’’ mortality data also revealed
Fig. 4. Age-adjusted odds ratios and 95% conﬁdence intervals in reporting various external cause of injury as a cause of death with mention of epilepsy vs. those without
mention of epilepsy on death certiﬁcates in the U.S., 1981–1985 to 2006–2010.
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risk of dying from trafﬁc crashes.21 The lower risk may be due to
laws restricting people with epilepsy from driving. Stated another
way, these laws appear to have successful produced and beneﬁt of
reducing the risk of death in a driving accident for people with
epilepsy.
4.4. Higher risk of dying from suffocation
Previous mortality studies have demonstrated that drowning
and falls are the two external causes of injury most often resulting
in death for people with epilepsy. The study of Sheth et al.revealed a higher proportionate mortality ratio for drowning than
mechanical suffocation.21 In contrast to previous studies,7,20,21
our results suggest that the number of suffocation-associated
deaths was higher than the numbers of deaths from drowning
and falls. One explanation for the inconsistency between this
study and previous studies is a difference in the deﬁnition of
suffocation: Sheth et al. only included the ICD-9 code E913
‘‘accidental mechanical suffocation’’, while in this study we also
included ICD-9 code E911 ‘‘inhalation and ingestion of food
causing obstruction of respiratory tract or suffocation’’ and ICD-9
code E912 ‘‘inhalation and ingestion of other objects causing
obstruction of respiratory tract or suffocation’’. The ICD-10 codes
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W75 ‘‘accidental suffocation and strangulation in bed’’, ICD-10
code W78 ‘‘inhalation of gastric content’’, ICD-10 code W79
‘‘inhalation and ingestion of food causing obstruction of
respiratory tract’’, and ICD-10 code W80 ‘‘inhalation and
ingestion of other objects causing obstruction of respiratory
tract’’.16
Most epilepsy-related injury reviews do not mention suffoca-
tion injury1–6; one possible explanation is that the investigators in
previous studies were concerned more with the nature of injury,
such as head injury, contusion, fracture, etc., and overlooked
deaths from medical conditions (such as aspiration pneumonia)
triggered by suffocation injury such as choking on food. This
sample death certiﬁcate illustrates this concept:
(a) Sepsis
(b) Aspiration pneumonia
(c) Choking by food
(d) Epileptic seizure
Other previous investigators would not have deﬁned this case
as an injury death; however, it would be deﬁned as a suffocation-
associated injury death in this study.
On the deﬁnition of injury death, Cryer et al. proposed a
theoretical deﬁnition: ‘‘an injury death is one in which the injury
resulted in premature death.’’27 That is, if choking did not occur in
the above example, the subsequent aspiration pneumonia, sepsis,
and death would not have occurred at that time. This qualiﬁes the
above example as an injury death. Our study was conducted with
this broader deﬁnition of injury death. Cryer et al. further
suggested that if there were several factors contributing to death,
intervention in any one of the contributing factors (choking or
aspiration pneumonia) other than the underlying cause of death
(epilepsy) could also prevent the premature death.27 In this case,
aspiration pneumonia might be preventable if choking could be
identiﬁed early and if emergency management could be effectively
performed.
Another possible explanation for fewer cases of suffocation
death among people with epilepsy is the classiﬁcation of
suffocation-associated death as a SUDEP (sudden unexpected
death in epilepsy). Some medical certiﬁers might report asphyxia
or suffocation as sudden unexpected epilepsy deaths on death
certiﬁcates, which would not account for suffocation as a cause of
death. In the proposed future unifying SUDEP deﬁnition and
classiﬁcation, an unspeciﬁed amount of aspirated substance does
not qualify as SUDEP.28 Severe aspiration is considered a separate
cause of death but minor aspiration is consistent with SUDEP.
Nevertheless, currently there is no ICD code for SUDEP because
there is no unique cause of death in this condition.
From the prevention point of view, one hospital-based
retrospective study of 590 partial complex and generalized
tonic clonic seizures recorded by video-EEG monitoring found
that 33 seizures (5.6%) occurred while patients were eating or
drinking, 14 with food in the mouth at onset. No choking events
occurred, which might be due to timely interventions such as
oral suctioning, lateral decubitus positioning, or oxygen
administration.29 Unfortunately, we could not ﬁnd a communi-
ty-based study of choking-related injury in people with
epilepsy. Consequently, little is known on the circumstances
and reasons of suffocation among people with epilepsy in the
community.
In order to obtain more details and relevant information for
injury prevention, additional boxes (38–44) have been added to
the U.S. standard death certiﬁcate, which include date, time, place,
location of injury, and a description of how the injury occurred.
Further studies on these narrative texts are needed to betterunderstand the circumstances of suffocation-associated death in
people with epilepsy.25
5. Conclusions
According to information from nationwide population-based
death certiﬁcates in the U.S., the risk of people with epilepsy
experiencing fatal injury steadily declined during the past three
decades. Nevertheless, epilepsy is still an important risk factor for
dying from drowning and suffocation. Attention is warranted to
reduce of premature deaths from drowning and suffocation in
people with epilepsy.
Conﬂict of interest statement
None declared.
Acknowledgments
We thank Bai-Huang Lin for analyzing the data. This study was
supported by the Chi Mei & National Cheng Kung University Joint
Program (CMNCKU9916) and the National Science Council of
Taiwan (NSC 102-2314-B-006 -054 -MY2).
References
1. Tomson T, Beghi E, Sundqvist A, Johannessen SI. Medical risks in epilepsy: a
review with focus on physical injuries, mortality, trafﬁc accidents and their
prevention. Epilepsy Res 2004;60:1–16.
2. Beghi E. Injuries in patients with epilepsy. Lancet Neurol 2005;4:71–2.
3. Wirrell EC. Epilepsy-related injuries. Epilepsia 2006;47(Suppl. 1):79–86.
4. Nei M, Bagla R. Seizure-related injury and death. Curr Neurol Neurosci Rep
2007;7:335–41.
5. Nguyen R, Tellez-Zenteno JF. Injuries in epilepsy: a review of its prevalence, risk
factors, type of injuries and prevention. Neurol Int 2009;1:e20.
6. Beghi E. Accidents and injuries in patients with epilepsy. Expert Rev Neurother
2009;9:291–8.
7. Ficker DM. Sudden unexpected death and injury in epilepsy. Epilepsia
2000;41(Suppl. 2):7–12.
8. Sander JW, Bell GS. Reducing mortality: an important aim of epilepsy manage-
ment. J Neurol Neurosurg Psychiatry 2004;75:349–51.
9. Forsgren L, Hauser WA, Olafsson E, Sander JWAS, Sillanpaa M, Tomson T. Mortality
of epilepsy in developed countries: a review. Epilepsia 2005;46(Suppl.11):18–27.
10. Lhatoo SD, Sander JWAS. Cause-speciﬁc mortality in epilepsy. Epilepsia
2005;46(Suppl.11):36–9.
11. Day SM, Wu YW, Strauss DJ, Shavelle RM, Reynolds RJ. Causes of death in
remote symptomatic epilepsy. Neurology 2005;65:216–22.
12. Bell GS, Gaitatzis A, Bell CL, Johnson AL, Sander JW. Drowning in people with
epilepsy: how great is the risk? Neurology 2008;71:578–82.
13. Neligan A, Sander JW. Premature mortality in epilepsy: is it preventable? Expert
Rev Neurother 2011;11:767–70.
14. Nickels KC, Grossardt BR, Wirrell EC. Epilepsy-related mortality is low in
children: a 30-year population-based study in Olmsted County, MN. Epilepsia
2012;53:2164–71.
15. Nevalainen O, Auvinen A, Ansakorpi H, Artama M, Raitanen J, Isojarvi J.
Mortality by clinical characteristics in a tertiary care cohort of adult patients
with chronic epilepsy. Epilepsia 2012;53:e212–4.
16. World Health Organization. International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision. Volume 2: Instruction Manual the
Second Edition. Geneva: World Health Organization; 2004http://www.who.int/
classiﬁcations/icd/ICD-10_2nd_ed_volume2.pdf.
17. Goldacre MJ. Cause-speciﬁc mortality: understanding uncertain tips of the
disease iceberg. J Epidemiol Community Health 1993;47:491–6.
18. Goldacre MJ, Duncan ME, Cook-Mozaffari P, Grifﬁth M. Trends in mortality rates
comparing underlying-cause and multiple-cause coding in an English popula-
tion 1979–1998. J Public Health Med 2003;25:249–53.
19. Redelings MD, Wise M, Sorvillo F. Using multiple cause-of-death data to
investigate associations and causality between conditions listed on the death
certiﬁcate. Am J Epidemiol 2007;166:104–8.
20. Jansson B, Ahmed N. Epilepsy and injury mortality in Sweden—the importance
of changes in coding practice. Seizure 2002;11:361–70.
21. Sheth SG, Krauss G, Krumholz A, Li G. Mortality in epilepsy: driving fatalities vs
other causes of death in patient with epilepsy. Neurology 2004;63:1002–7.
22. Bowman SM, Aitken ME, Sharp GB. Disparities in injury death location for
people with epilepsy/seizures. Epilepsy Behav 2010;17:369–72.
23. National Center for Health Statistics. Vital Statistics Data Available Online:
Mortality Multiple Cause Files. http://www.cdc.gov/nchs/about/major/dvs/
Vitalstatsonline.htm [accessed 08.11.12].
C.-Y. Chang et al. / Seizure 23 (2014) 836–843 84324. Holder Y, Peden M, Krug E, Lund J, Gururaj G, Kobusingye O, editors. Injury
surveillance guidelines. Geneva: World Health Organization; 2001.
25. Warner M, Chen LH. Surveillance of injury mortality. In: Li G, Baker SP, editors.
Injury research: theories, methods, and approaches. New York: Springer Scien-
ce+Business Media; 2012. p. 3–21.
26. Mack KA. Drug-induced deaths—United States, 1999–2010. MMWR 2013;62:
161–3.27. Cryer C, Gulliver P, Langley J, Davie G, Samaranayaka A, Flowler C. A proposed
theoretical deﬁnition to address the undercounting of injury deaths. Inj Prev
2011;17:219–21.
28. Nashef L, So EL, Ryvlin P, Tomson T. Unifying the deﬁnitions of sudden
unexpected death in epilepsy. Epilepsia 2012;53:227–33.
29. Noe KH, Tapsell LM, Drazkowski JF. Risk of choking and aspiration during
inpatient video-EEG monitoring. Epilepsy Res 2011;93:84–6.
